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[ii*jsi] 2o©»«t**iqjicja)»«j*Dsu«i3tt* 

l«0fc*fc:«a-raJ6 2©*lffi*3tetbM®4:U fr^wB 

1 1> — as a 5 -* (omnte & m b t t ^ & c t £ *&« t -r s 

Effljwwii t) ^un^sc^-* 5 2 siacaar 3 SB 1 ©*& 
m-ztfcxmm. iui3ftAM®^tti-3^®£#aj*r® 

i:U jb»oiffle3teAMa£»bT1fflE#ffiMffi©'i>&< 20 
t *> — SB#-^©f£f4£! It v> 3 c i: *W« i: f & 

[»#* 5 ] miiB^AMffi*) l < ttLftmmmifimmtom 

b 3 £gatt©ifcg#£3feSa®^ s> Ho 

*-T4 2*7c7*h = s»^|gai«afcJ:0flldt*lV tu 30 

fBjnfflKUft & s b*jta5^*s 2 ^rsj t * izmmrzm 1 

©S8®£ftAS*BB^ SulBffi^^t)31b«jggP»* s 2^ 

mmm&jM Diib«jt«BJ^*» 1 #iaj©*«mr*J6 1 © 

«ffi*^AM®s mrl3>tAftftSi:ffiWt-«)SS®*^tliW 40 

sfcu *o3teAifffifc«ffl*"3JB»i^t>sb*ie 

8) 3o©p^^,^|R)fc:MlWWi!#!9iSb«ii?: 

iBMi^w^ o s but^a^* 5 2 ai&tmHj-r ** 1 ©*£ 

ffi*lt\MW. fuI3liW^'?^b«^a5^A s 2^lPl(c 
Sffi-f •5iI2©3g®£} l 6Hi»tBi:U fro^AMffilcS 

m -r % mzmm ftm t> s b*5t© a t> <j>& < t *> k-* 
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mt-r^jfc^ss^o 

«FlB3teA«lBOJfe»*tti:'r4 9 0° Q«sM4M£« 
*-T4 £ *H#* 1 * v» b 3 fcI3«©3te9* 

[m*hi o] iwEja»!«j**«iJfi<wc. *©ei§-rs 

K ©«»"<* b;i/##£U fro«iEIS^tt7* h-y 
3U*<^b3* s^Wj^efe^bSfciaiteHM 6 * 

1] »#9U 0 ICfB®©*^^^"^ 
1 2 ] II^JH 2 * fcfcfc 7 CB«CD***? C* 

[wawm 3] MCMDiiiniRDSbm^ a#f^©R 

jJWlfc^bS, ^fctttt^*6«eV>b8CI3«©^ 
^-Fo 

^^^^ b 3, * fcttl*** 6 fev> b 8 C|3«ffl#***o 
[HjKJR 1 5 ] tcfBW©^^^ 1 K 

*3V^-C, 3tAStHi:^m»B*AnipASc:i:4^ai: 

[0 0 0 1] 

[*5SU§©«T.58tl5fl-»] *»9iH:, ««OR**3te* 
[0 0 0 2] 

[ft*©J£fl5] ifi^x -f^-*yFOft*MKJ: 
^67T-Y>'^-JHl^©^a©tiA* J Si<^«)e.tiT 

^©^|gi:b-CWDM (ttfi^S) 
^titto^iXT^So WDMllCSV^TH:, fc-f* 1 

^^^©^^^©ttffisea-rsci:* 1 ^. 

mm&. >mib, mmfo. ^^tt^^^htix 
[0003] jftfi^ajteawoA-jKAawcaRoa 
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(*fcl±»*») ffffl^&ft*. c:©3t«-*sc 
,Mi:$n5. i:<lcIll«f» : f-ttn«W*«'3teJIS^T?* 
^fcj^fifcbfcfcCtfEl^tlT^S. *©MI»3lft[H]£L 

T-^bTWffl^ftTOSo 
[0 0 0 4] Qttfftt? *«V^fc»*3lfe**©— «*H 1 
9tet„ %?74M l* i e>tBWbfc?SS^fi'fb^n 10. 
fcj"6i^3 0i±3 'Jp< — 9 U>X2 2 2f¥fT#3 1 k& 
t> EWrlfr? 2 3 KASt£ ft* o C©Jttt0?ftS^2 3T- 
^•«t*n» &KrtCg&^;fcffiM£!£*>^-T:ti±*J;*ft 
So C©ffiMft3 2tt?ftf:3 IM— *U>X2 2&SS1 

©#jfi#;;*tf y h ©{£«£§#¥© k lt7th^t 

■rftHU mje©«jwfc#«bfc«*Hi**»4ck# 

[0 0 0 5] SS*El*f«^©a^> E*f«^©0#r*« 

-fft^eiv &»&*!©£"*"££ 0ok-fSkx &5£A S J£ 
s infli+s i n0o=mA/d 

tftAxli, 30 
Ax= (Lm/ (d • c o s do) ) • A A 

-e-^-x.'btiSo bfc* s oT$5F ( aBl£JfobT±5S;A : >£>ii- 

[0 0 0 6] 

T-fflV^tvSiSl. 5 5 /zmlTtifcglSPHO . 8nm 
(ffl«»IHPHl 0 0GHzt«S) ©#*»«"*-*»& 

So 0«f»»m= 2 5«i:U A*f£i<9 i = 7 40 
1.5°, Hit*£0o = 3 8.5° i:t2ii:v EUfte^ 
C«Mdli2 4. 7 /zmh&S. C ©»"?:• ±IB?fcR 
i!0. 8 nmC#bT?#£ft£tiSl*£©&'fbtt&l0 . 
0 6° tiS^-T, 5 0/xmHRI'CE5>JbfcS3fc^ : Ft-Cl 
n^^g6bTS^-rSfeto{c{iL = 4 8mm©EE8t#<i:> 
gk££o 

[0 0 0 7] S3teffi±<DJte;*3tW h©ffi«* 

lbAx{i§##f$#-£©A#££*-3fc#K ilf&»l 
O'iunUjUik-rSe&H****. @«r«-?©*»T*S 
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[0 0 0 8] *fc, llW^St{£<Ift75lq]t;:«fc£>M#£ 
VA©tf, M1fr©0*rtt*fc<fcoTa«fc«fc 
*T&-5£kfcfcT?£fc^o bfe^-^Tx jteJ^yAt:*^ 
Tffi§#fl-Bt##&a s <.fcg k £ ftS»&W\ @#fte? k iiS'J 

[0 0 0 9] JfcSBBJiogtfjBu ;:©«fc-3fcrajaj££8?ft 

ffe©BWJ*> »ft^iiCi:l5]B#{c, ftflECfcSfflitefl*© 
[0 0 10] 

[^S<£P?*TSfctt)©^S3 ±Ea©»S£JP&TSfe 
to, *«fl8©3tt**^tt> 2o^fctt3-o©S*S^lRl 
CJBMttllDaH(l3ft**-rft2Jfc7C*fctt3«7G7* 

[0011] ^©MS 1 ©SMiT'ldU 2 i)J7c7 *Y-vt> 

temiz&^t mm#im t> & t,mmu»w 2 #iqik <& 
** 2 75 ir] k t> (c b m r s fs 2 © «n m * % m m ® t -r a • 

[0 0 12]I2©S1T-Ii, 2*tc7* h = ISS. 

{z^^-rjiww^^jib^jigis^* 5 1 ^iRi©^sm-rs 

MS l ©*SJH£&Xitfflx £©3teAM®k*B*t-fSS8i®£ 

#;tiii*®k-r£o 

[0 0 1 3] MS3©«l«T-tts 3*tu7* h = y^«i« 

& s l***^ 2 xfaiznm-f sms 

1 ©*»a*3teAMB* c©#AMfflk*B*ff S4g®£# 

m^sk-rso 

[0014] ±B3o©imo3i6**?ii, ^-rft** 
©#AMHfc*tbT3teajtfH©fi>&< £*>-«#—«© 
#i^SWbTi->-5cr ki>»a*bi>« *©PS> JtXMB 
k^tiuttEA^ft-eft^ffl^fcSx w£>t$>s:ruxA#i 

£ b dd atssa * * -r 4 @«f * o x * «t t ^ 

[0 0 15] £ib£±I33o©fB«C:fcV^ JtAWffl 

bja^ip ^.^js^ns «t -5 tc bx « «t Uo 

[0 0 16] ±l3««W©*** : f*« > ** : Fi:]bTte 

&©fc©T-*±&OC b^o 
[0 0 17] *©|»x c©##fit^* J dft«}*'t4£fc;fc 

±83Mi 1 sfcttJBacJBtii©***^* 

ffli^4©*»k<t:H*b<, ^AWSt) b<«^m^E 



m 
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[0 0 18] Sf§3©<S«©ft^fH^C:fc^ 

[0019] k bTffi 

^7* H*s x ft{g,#©^> K©5*T-fc2> 

[0 0 2 0] ±B3^-rtl©ia^fl<3i^!3Sb«jSt)> S«f 
2£©S& S 3 ag|<D&*4£ «fc •? *fi££ *ii> d i: ##$ b 

i: % ffl » S A £ t ffi fig b t J; v ^ . 
[0 0 2 1] 

[0 0 2 2] ^Wfitl^ 0 S b$tjg# 2 ^IrJ 

& -5 t-»fck 3 ;SIr] 2^7C$fc{±3^7c7* r- 

flB®a«k«i:* 1*707* b^yflSaftffll^fc*** 30 

[0 0 2 3] 01l»OT©a«J:S;S r-i^TcSBBA 
Mfifjtj ^MSCWt^bfei^T-feSo 5 Fffi»«2©>t<»J 

^ a#ffcb<f±E#TtC«fc3£tiSt#4£l8l!3ffi-ro El 

[0 0 2 4] ±I3a^©JBa{COl\TlB5*ti5iB^-rSo 
0 2tt. ^IS(c/2;* s i)#B«5i^©«^EIT-$>'3, JP2 
t A OWA (JB«r*x n A ) i:S^t B ©tlIB (S#t 
*s n B ) *2E2C«*«iafcffl»!a= (t*+t B ) © 
«5gT**i. 0 ;:©£?fc#B«ii<*i±l#7c©7;i- 

fW©;5Steu "Photonic Crystals", Princet 
on University Press (1995) feSUteu Physical Revi 50 
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ew B Am. 16^ p. 8565. 1991*f> &'£fci¥LV>o 

[0025] mm^mmo^y he©«shi±0 2©y 

(iFH©l£*s^»lRl) KttJMRRCififfo-C^a. 1213 2: 
El 4 li. 

JB*r*l. 4 4C1 (ff£0. 5a) 
®#r*2. 18©i (J5£0. 5 a) 
©JB*SSk:filafcJB«8a<D*JilllKoiNt©x fli 
&CJ;&^> FW-JKOtt**, TEfilft^THflft©* 

[0 0 2 6] THfIft«®Ji©lR]t#XtE673lR! 

fiite***.****''*"* 0 3, El 4 ©=&ffi&St;:*f 

b-C^bfeS*tt, 

mmtm&tm wa/2 ttc 

-e*So 3dT% cuttA«T-&3fc©«lEiO^ a«#Bt 
©J!#k c(±K^4 1 -r-©3teiST**i.o sufrfbJU&ftfcfcs 
J|£4 J ©Afr:r:ft?&:^Ao£:flH'>T. a./ X.oh^t>-Tz. 
£#T- £.&©-£. WTttia/Ao i:iB5£-r£o El 3 

->-£-& tK mi*Yffli5ft-z±T(DW,m-m±tp'bfr*>± 

7r/a©ffiH£3tfc>-fo ftlttZtt^lRl (Xttl^lfiD-Ctilsl 

1\ m©iiss{iftff©«5ffl<£^t-{Sg:6ti^4>©t-*i)o 

7 'J > V*— > ftT©Mtt#Jfmi£t*lT-©i£3&^7 

[0 0 2 7] ;CT% IH2©llH6fc:feVvCXY¥H*W' 

feliTH^B^ l l!;) : &SiSAt^$^i-Sa^tCOl^T^ 7 * h 
— f 7SSSF*3©eJi3t^OVA-r# A -So 
[0 0 2 8] 123. 4©=&^^> ^•EI^CiDV^T^ W-^tfh 
Zffl#lRpN©a/Aoffi©^-fb£mb;fe©a s EI5 (TE 

ffif^o WiM-fZh. HS8A A1 =2 7r/k A i©^li)i:b 

[0029] AW^CK^^OSiS^AB© 
^-grlcii, lb ^3^^> FtMliS-rsaEiS^^ WVk 

ttj Tf**fc»«fa-r*o itot, ^A B .=2 7r/k 

..©IP^Hl i5«fcVA B 3= 2 7T/k B3 ©««J (fit 
T> m3Ji>Y9tt?Z>) #*tL?tl7*Y-y?&m 

to* z$4^iR]{ce»-r^o 

[0 0 3 0] ddtN ^+T©^«B (A*. Ab^C^*) 

ttfa-t%>7* Y-y>7&&l¥<Dfflfo (Aai, Ab3^ 

if) t?l»b&»«* r itiSf$j i:fit%. 154> 
f>l»T-ll)J;^t^ ^ 1^*> F^©a/Aoi:kiilS 



* 
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mtm? z> ittb. n®m%T& a 0 k j-. »m t a, if 

[0 0 3 1] bfci-^T, 3- JH?£jI#1T& b 

sc<-«co««ft**-9fc7*uxi»ttt:jbDxu «ifc© 

K«$:^ty¥^T^ili^ Alt* 3 t bT #Ji1i3I©Jl® i: 

m«-r«.^i^"> F-*tt»»©$RHH*i:ra«*©*-ft io 

Physical Review B, 58^ 16--J, P.R10096, 1998^ 
[0 0 3 2] E3 7©X'JXAJf->#T?fcj:, -7-4- b^f^SiS 

jS* s gS^±©Fp-]®i-.fc3o 18 Ic^f <fc-5l~ai 

ch*s-c#^o xu— X«*©El*Tfc:-3V>"ttt«fc<*i& 
ftTli^ xu-X©JBHkSS*««flilSMH-1-*iK* 
1t«©»aH©tal^T*?A^«: 1 0 0%<z%l\,^<D 

ttJltX^^V^ 1 K#tt#SE 

[0 0 3 3] H2©#S«3tttX$dl^[R]i:Yflll^ 
^©llt^cAiS'&jlV^fcSfcii!), <!:>-£;& IrJ£ 
CDilVvWatoftS. *©fc»fc* TEfflJtefcTHffiifc© 30 
M> (05, 6) *tt^5h, -r^-T©^> FT* It 
Wfc:JBl^>l*B:2S* s **v^. IB 

tf, 15, 06©a/AAlc*S^£>TE, -fcitfTH 

•&&3e3/o F-yfi-OTMEbtti^-e* AM-*©*Jffi»>* 
<-f £ 06i;i3^T«^2 
Ki;gi3^> F©£X aS*S©teii) A S &3©T-, 

EMC-tStt* 2#@, 3#e©^i:J±-istb-co^ 

[0 0 3 4] 08C71/- X^M©3tPfc!?lC, YW^lq] 

A, B©«JSI£t>SSb©JS#3T-&3 0 A^PlCUS 
#3©i5H F*3T- ttttlK A ©J0Uf 4* Y IS* ft £ — Jg©i 
tfSDb, *JtB©KJ*#rafctO-&TJ«4>bT^5. -© 

«B©i£Bt>ffi*tK2-:fc3©-C, it&mb bTXb-Xt£ 50 
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©MOMHKfcH*©**^** 1 * b&o 
[0 0 3 5] [fl 1 ©*M0&»]±S& bfc 1 *tcSS® A 
MUf^T-tt, AttBT-©X75fti:Y;£ftT-«,£#At < 
Sttifctot:, TES*ilTHi3t-e©aoii-Sbn 

*.&z»i©«»>fc9 o° t§]ettlM££,3fc-imi£, <S# 

[0036] 010 tt, S^f^A-^^-^tLn!, n 2 , n 
„ n4T-fe-5 4tt«©«3KA, B, C, D*?>«t57* 

b = y*«a©8t5£ia"e**. *&*Ktt*t*i*nxY¥ 

Hi* j£Bfc ftflCttJSffl-VlE^© 
E3£itiT-&6o V^-fix* Z«-6lfllKtt«l36**fc*:^. 
4gB©— g!5©ffi-*:lllc^^ix-i)«t-5 1, XYBftB/VIE^ 
»©««C©X*lRl©lll»Ctt«9f(D<*«s SfcY^lfi]© 
ias m iz tt « H a # n * tim £ b t a$l s n. x v > 5 • 

A>, X#fa©ffl»laxfcY:£fl©JB»iayt-Mf LVV. C 
©tftx n 1 =n4-CWiZiSt3©9 0° DIEMffe 
t4*-^3S-T-5©T-, <to&A£D&m— 
l^o ci © 9 o ° nite3sff^>'^^— ^j-e-fco-ccitLt: 

B«l4*n«:^o 9 0° Etett«ui* — >©— ttfcJfc-M 
SEl 1 1 l:^to 

[0 0 3 7] ^**-?i: UTli, 07© ri tf-^SSiHA 
M^iij i:Pl«©«iSSJ:t), X Y^®h¥fT^-«S 
Z^lRltc¥fT*^Aftf^Hi-2.o JS«f*ttS®ftiJ*ai 
MIi:bTf ^Wtf, l»j7t;©^-&Pl«tcA*f4S®i: 

6 08©J;otctvS:X^ 
-X«t:iDXL-t: i fe«t^^o C©«3ft©ta , -**-fB:«3te» 

[0 0 3 8] [9B2 ©USS^ffi] 1 *7c«3®A«*>itt 

$>Z>o 05, 06^?>BJ?)-i)-*<t-5t, 

ttoT, •»*©•*:* 3 ^> K**^-^-?-i:bT#iJ 
fflb«t-5i:ri>J®^, AW3teK»-r**3^>K*©« 
■f'5:fc*>*S©*iJffl^A s fi;<'5:*i:<' ,l -5^®*-5fe 
U^)o dCBSSlC^bTii, Ztt^lRlt:JllSBt4S:*Ab 
T^3^n-> F3te©gJ-&£*#<1-5C £>n5o 
[0 0 3 9] Y*lRlJ:Z*filt:«W«***-rS2ifc7c 
-7-i- h = y £*SB#!ji©— fJ*x 012t*to C©« 

jgi-t, HiocwbftiatYHoiotso- iiteb 

fc»-&tffiS-r**-x #«K©YZ»fiB©lJSI»!*ffltt 
iE^T-fei>£«®«*<, Y-5|6]©JlJ8ay i:Z^|oI© 
JS^a z7bs^bi> i e:'5tt*v , 'o fcfcAttBI l 2©«3t{c 

n,= l. 4 4 
n 2 = 2 . 18 



9 ^ W 

n 3 = 1.00 
n,= 1.00 
a y = 1 
a z = 0 . 5 
t y = 0. 5 
t z = 0. 5 

ft (TEA*) £SiiAM£ -r&fr*> r l# 
[0 0 4 0] , 7VJ\'T> y J— XDfc&frb Ztt^IcQ^© 

*©*§-&> 7* h = y*tt»rtT?ttlS-&tt<o»3^>l* 
HI 3©*&Kttk= 1- 0©ttifi£:*:£ 

[0 04 1] El 1 3 b^y **£gfc:o 

^Ts «?Kj©£JS (THlit) 4*KBS38^t:J;t)jRffl 
mnistzi&miPm 1 4-Cfei.o HI 1 4J;tay/A0= 
0. 7 0©!^ ZI4?5[R]T-©S*§©3ii££ 

■ : n=2 . 1 8<Dm<Dtp£: 

■ :n=2. 18©ftn=l. 4 4 ©Jf .©i^ 

■ : n= 1 . 4 4©J1©4 3 5*1 

■ : mtmo^m 

tCO^T^bfct)©T-feSo &jn?»^*i* s »£9> ^ , 
'J>©y-1'XA s M?>^^i) i fe©©^ J38B©^ 3 

[0 0 4 2] #ftfft^&ift l-c©<£u;£{;:o^-t« 
r 1 ft^tttSAftfflf&j £:|S|CT-fc£o 1 #x;flt5g<fc 9 

[0 0 4 3] [ffl-JWS 1] 0 1 3fcHg5S;E]£^Lfc2& 

fT&ofco IS^Wi±iB©iit3Tfe5o Y*|p]©Ml^ 
Srft^Stjlc a y = 4 4 3 . lnmHfc'. XYfB^A 

WEfcLT.; na»ij»&««A.o©jpE« (te®^) * 

A«*-»T*IIBKJ!HSfc <fc t> Y Z¥tSf*3©«&«J£fH? 

[0 0 4 4] Ait^P®?^© 1 !!^ lOay^ #§3Ite©Z(fi 
^Ifi]©JP^{4^7 0 0 0 nmt*t), *Sffi^a{i3 0° 

tt£TEffiJte©^> 1 4 i:P)CT-fe-5o A 0 = 

6 3 3 nm©l^l:*tt5f 3M> K©»f&^ Wl/© 
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[0 U 4 3] 




[*1 ] A 0 = 6 3 3 nnu 


ay/A o =0. 7 0 0 


Z£|6]©e88# (TEI)fe) 






k 3 =0.243 • 27T/a 


S?»B«r* A.-k/2ir 


0.347 


E#T3t©75lR]^ 


03 = 10.3° 



[0 0 4 6] Sfev v ^ i u- v 3 >^£E1 1 5 \zm 
f, 015i5 

31 3 ^> Fft : £|S]*i0=**Jl 0° 

fc&o «2£A 0 = 5 7 5 . 5 nm©t§-&£i3tt3im 
20 ifgIS:^to 



[0 0 4 7] 




[*2 ] A 0 = 5 7 5. 5 nm> 


ay/Ao=0. 7 7 0 


Z^IrICGIS^ (TEd^t) 






k 3 = 0.551 • 27t/a 


nxmm* A 0 -k/27r 


0.716 


®W*©^(Sl^ 


03 = 9.0° 



[0 0 4 8] A 0 = 6 3 3 nmfc 5 7 5 . 5 nm 

> Fytm%rft(OfrWt.tte^r^Z>Zt.&t>iy>2>o 6 33 
nmi:5 7 5. 5 nmCtlii A* 5 9 . 1% (633 
nmlf) tfeSOCJitbt, «3/t>|«jbCD^MA2l 
Sll. 0° CAA/Ct^So «6oT. A A= l%*fet) 
©^|q]ftMA0«i^l . 2" afCT'iJX^ 

»&j:t>*> 3^*3/0 He#r#;#f#?>*xT^£©-T:-, 

«fc K> aM»©«^«-Jfe*^ ^ Slt^^So 
[0 0 4 9] [IHMH2] 0 1 2C«SCBI*wbfc2« 
40 7zm^^\ 8 ©£ 5 tC^b-XSOX Ifcl^tO^T, 

n.= 1 . 0 0 
n 2 = 1.00 
n 3 = 2.18 
n,= 1.44 
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